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(54) Wide band printed phase array antenna for microwave and mm-wave applications 



(57) The present invention relates to a phase array 
antenna comprising a dielectric substrate (1) compris- 
ing a front and a back dielectric face (2, 3), a plurality of 
dipole means (4), each comprising a first and a second 
element (5, 6) for radiating and receiving electromag- 
netic signals, said first elements (5) being printed on 
said front face and pointing in a first direction and said 
second elements (6) being printed on said back face 
(3), and pointing in a second direction opposite to said 
first direction, metal strip means (7) for supplying sig- 
nals to and from said dipole means (4), said metal strip 
means (7) comprising a first line (8) printed on said front 
face (2) and coupled to said first element (5) and a sec- 
ond line (9) printed on said back face (3) and coupled to 
said second element (6), and reflector means (10) 
spaced to and parallel with said back face (3) of said 
dielectric substrate (1), a low loss material (11) being 
located between said reflector means (10) and said 
back face (3), and having a dielectric constant less than 
1.2, whereby said first and second lines (8. 9) respec- 
tively comprise a plurality of first and second line por- 
tions (13, 14), said first and second line portions (13, 
14) respectively being connected to each other by T- 
junctions (15). whereby each of said first and second 
line portions (1 3, 1 4) is tapered between two adjacent T- 
junctions (15), so that the width of each line portion (13, 
14) increases towards said first and second elements 
(5, 6), respectively, to provide an impedance transfor- 
mation in the succeeding T-junction (15). The present 
invention relates to a low cost wide band planar printed 
antenna solution for microwave and mm-wave range. A 
particular solution for 60 GHz is introduced. 
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Description 

The present invention relates to a phase array 
antenna comprising a plurality of dipole means accord- 
ing to claim 1. 5 

A dipole antenna is known from US-PS 5021799. 
This US-patent discloses a dipole antenna, in which the 
first line and a second line of a microstrip transmission 
line means are tapered to provide a microstrip-to-bal- 
anced line impedance transformation. Further on, the 
first and the second line are separated in the direction of 
the dielectric substrate middle plane, form an electric 
field and provide an impedance transformation from an 
unbalanced line part of the microstrip transmission line 
means to first and second balanced dipole antenna ele- 
ments. Therefore, in the antenna disclosed in US-PS 
5021799, the transformation from unbalanced to bal- 
anced transmission is conducted within microstrip 
transmission line means of the dipole antenna. Also, 
this antenna is inherently selective (not wide band) due 
to the classic dipole microstrip structure. Further on, this 
known antenna is tolerance sensitive. The thickness of 
the substrate of this known antenna is 0.0125 wave- 
length, that would lead for the 60 GHz range to a thick- 
ness of 0.0625, which is very thin and critical to be 
manufactured and handled. However, due to the spe- 
cific structure of the dipole antenna disclosed in US-PS 
5021799, the dipole antenna can be mainly applied for 
narrow band applications. The manufacturing toler- 
ances, increased losses in dielectric material, decreas- 
ing of the substrate thickness, supporting the substrate 
with the same distance to the reflector plane, as well as 
possible appearance of the high order modes limits its 
application in the lower microwave range (3-30 GHz). 

US-PS 4737797 discloses a dipole antenna without 
a reflector plane. This dipole antenna comprises a 
transmission part within the microstrip transmission line 
means, in which signals are converted from an unbal- 
anced line to a balanced line to permit the signal to be 
radiated by first and second balanced dipole elements. 
The dipole antenna disclosed in US-PS 4737797 exhib- 
its a wide band width up to 1 .7 GHz (about 30 %). How- 
ever, the dipole antenna does not allow applications up 
to the millimeter wave range, because of very critical tol- 
erances (thin traces) for balun-circuits and very thin 
substrates (like 0.024 mm for 60 GHz), where a physical 
support of the structure (robustness) and availability of 
such small dielectric thickness is questionable. 

Therefore, the object of the present invention is to 
provide a phase array antenna, which allows applica- 
tions deep into millimeter wave frequencies within a 
very large band width with a good efficiency. 

This object is achieved by a phase array antenna 
with the features of claim 1. The antenna according to 
the present invention comprises a dielectric substrate 
comprising a front and a back dielectric face, a plurality 
of dipole means, each comprising a first and a second 
element for radiating and receiving electromagnetic sig- 



nals, said first elements being printed on said front face 
and pointing in a first direction and said second ele- 
ments being printed on said back face, and pointing in a 
second direction opposite to said first direction, metal 
strip means for supplying signals to and from said dipole 
means, said metal strip means comprising a first line 
printed on said front face and coupled to said first ele- 
ment and a second line printed on said back face and 
coupled to said second element, and reflector means 
spaced to and parallel with said back face of said dielec- 
tric substrate, a low loss material being located between 
said reflector means and said back face and having a 
dielectric constant less than 1.2, whereby said first and 
second lines respectively comprise a plurality of first 
and second line portions, said first and second line por- 
tions respectively being connected to each other by T- 
junctions, whereby each of said first and second line 
portions is tapered between two adjacent T-junctions, 
so that the width of each line portion increases towards 
said first and second elements, respectively, to provide 
an impedance transformation in the succeeding T-junc- 
tion. 

The antenna according to the present invention has 
a very large band width and allows applications deep 
into the millimeter wave frequency range. Due to the 
tapered lines, an impedance transformation from some 
specific impedance of the feeding network is achieved, 
so that an antenna with a good efficiency and a high 
gain is provided. Further on, the antenna according to 
the present invention can be fabricated at very low pro- 
duction costs, e.g. due to the utilization of a simple pla- 
nar technology, utilization of a printed technology and/or 
simple and cheap photolithographic processing of the 
prints. Further on, the antenna according to the present 
invention can be produced with a small size and a high 
reproducibility due to a low tolerance sensitivity of the 
dipole antenna. Also, a simple integration with planar 
RF-assemblies is possible, since it is assumed that 
future microwave and. millimeter wave technologies will 
be based on planar assemblies rather than waveguide 
technology. A big advantage of the antenna according 
to the present invention is the possibility to use the 
same antenna for different kinds of communication sys- 
tems even at different frequency bands of interest. Pos- 
sible identified mass market applications are e.g. broad 
band home networks, wireless LAN, private short radio 
links, automotive millimeter wave radars, microwave 
radio and TV distribution systems (transmitters and ultra 
low cost receivers). Some of the identified frequency 
bands of interest are: 5 GHz, 10.5 GHz, 17-19 GHz, 24 
GHz, 26-27 GHz, 28 GHz, 40 GHz, 51 GHz, 59-64 GHz, 
76 GHz and 94 GHz. At the same time the antenna 
according to the present invention satisfies the following 
general requirements, namely has a specific radiation 
pattern, a good matching in the frequency band of inter- 
est and a good efficiency in the frequency band of inter- 
est. 

Particular advantages of the antenna according to 
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the present invention compared to known dipole anten- 
nas are explained in the following. The antenna accord- 
ing to the present invention has a very large band width 
of more than 30 % working range compared to known 
microstrip dipole antennas. Therefore, a same antenna 
according to the present invention can be used for differ- 
ent systems and different applications. Further on, the 
production tolerances of different parts of the antenna 
according to the present invention are much less critical 
than for known microstrip dipole antennas, which is very 
important for the frequencies in the microwave and the 
millimeter wave ranges. Due to its particular structure, 
the antenna according to the present invention has 
lower losses and sensitivity to higher order modes prop- 
agation at higher frequencies (microwave range and 
nun-wave range) compared to known microstrip dipole 
antennas. Due to the low tolerance sensitivity of the 
antenna according to the present invention, the manu- 
facturing particularly for millimeter wave frequency 
ranges is much less critical. The higher unwanted 
higher order modes in the case of the microstrip line 
appear at lower frequencies compared to a balanced 
microstrip line printed on a substrate with the same 
thickness. Further on, in the antenna according to the 
present invention the influence of the feeding network 
on the radiation pattern, is much lower, due to the bal- 
anced microstrip feeding line structure, than in known 
microstrip dipole antennas. The required dielectric sub- 
strate thickness for an optimum working scenario (small 
losses in wanted radiation pattern) is very small in the 
case of known microstrip dipole antennas. The thick- 
ness of the dielectric substrate is not so critical for the 
antenna according to the present invention, so that the 
antenna according to the present invention is easier and 
cheaper to produce. A further very large advantage of 
the antenna according to the present invention is the 
feasible maximum frequency of operation, which can be 
achieved by producing the antenna with commercial low 
cost photo lithography technology. The feasible maxi- 
mum frequency of the antenna according to the present 
invention is 94 GHz and 140 GHz with a dielectric thick- 
ness of about 50 jim (commercially available) and an 
advanced photolithographic technology. The feasible 
maximum frequency of known microstrip dipole anten- 
nas is 40 GHz and 60 GHz with a very advanced tech- 
nology and problems in reproducibility. Therefore, the 
antenna according to the present invention provides a 
low cost wide band antenna having not critical toler- 
ances particularly suitable for microwave and millimeter 
wave applications. 

Further advantageous features of the antenna 
according to the present invention are defined in the 
subclaims. 

Advantageously, the width of each of the line por- 
tions gradually increases to provide an impedance 
transformation of a ratio 1:2 in the succeeding T-junc- 
tion. The line portions can thereby be tapered corre- 
sponding a linear, exponential or polynomial function. 



Advantageously, the low loss material is a supporting 
structure supporting said reflector means and said back 
face. Further on, said first and second lines and said T- 
junctions can advantageously be balanced and 

5 arranged parallel and opposite to each other on said 
front and back dielectric face, respectively. 

Advantageously, the length of said first and second 
elements is respectively smaller than 0,5 X the mean 
width w of the respective element is smaller than 0,35 X 

10 and the width c of a contact area between said respec- 
tive element and said first or second line coupled to said 
respective element is smaller than 0,1 X, whereby X is 
the free space wavelength of the center frequency of the 
band of interest, the angle between the respective line 

75 and each of the adjacent sides of the respective ele- 
ment being larger than 10 degrees. Thereby, said first 
and second elements can have a structure comprising 
at least three corners, whereby said contact area is one 
of said corners. Advantageously, said first and second 

20 elements have a pentagonal shape. Further on, the dis- 
tance of the reflector means to the middle of said dielec- 
tric substrate means is approximately one fourth of the 
electrical wavelength of the working band frequency 
within said low loss material. Advantageously, the 

25 antenna of the present invention has a transition ele- 
ment coupled to said first and second lines to provide a 
transition between said first and second lines and a 
waveguide for guiding signals to and from the antenna, 
said transition element comprising first teeth elements 

30 coupled to said first line and second teeth elements 
coupled to said second line, said first teeth elements 
pointing in a first direction and said second teeth ele- 
ments pointing in a second direction opposite to said, 
first direction, said first and said second direction being 

35 perpendicular to said first and second lines. 

The present invention will in the following be 
explained in more detail by means of a preferred 
embodiment under reference to the enclosed drawings, 
wherein 

40 

figure 1 shows a schematic upper view of a phase 
array antenna according to the present invention 
projected in the same plane, 

45 figure 2 shows a perspective view of a portion of the 
antenna shown in figure 1, 

figure 3 shows a cross-sectional view explaining the 
structure of the antenna according to the present 
so invention, 

figure 4 shows a cross-sectional view of an upper 
part of the antenna according to the present inven- 
tion explaining the balanced metal strip lines, 

55 

figure 5 shows a schematic view of a portion of a 
metal strip line having a tapered shape, 
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figure 6 shows four different possible shapes of the 
dipole elements, 

figure 7 shows a schematic top view of a part of 
multiple printed dipole elements with preferred . 5 
dimensions, 

figure 8 shows a schematic top view of a transition 
element for the transition between balanced micro- 
strips to a waveguide with preferred dimensions. 

figure 9 shows a diagram with the measured input 
reflection coefficient of a multiplied dipole antenna 
assembled into a plane array according to the 
present invention, 

figure 1 0 shows a measure diagram of the gain of a 
phase array antenna according to the present 
- invention at 60 GHz for the main horizontal plane, 

figure 1 1 shows a measure diagram of the gain of a 
known microstrip patch antenna, 

figure 12 shows a measure diagram of the input 
reflection coefficient of a known monopole antenna, 
and 

figure 13 shows a measure diagram of the input 
reflection coefficient of a known dielectric lens 
antenna. 

Figure 1 shows a schematic upper view of an 
antenna according to the present invention, with a pro- 
jection of metal strip means 7 and a plurality of dipole 
means 4 from a front face 2 and a back face 3 of the die- 
lectric substrate means 1 in a common plane. In the 
antenna according to the present invention, the first ele- 
ments 5 of the dipole means 4 are printed on the front 
face 2 of the dielectric substrate means 1 and the sec- 
ond elements 6 of the dipole means 4 are printed on the 
back face 3 of the dielectric substrate means 1 . The first 
elements 5 are connected to each other with a first line 

8 supported by the front face 2 for supplying signals to 
and from the first elements 5. The second elements 6 
are coupled to each other with a second line 9 sup- 
ported by the back face 3 for supplying signals to and 
from said second elements 6. In the example shown in 
figure 1, the first line 8 and the second line 9 building the 
metal strip means 7 have a balanced microstrip struc- 
ture and are connected to a waveguide transition ele- 
ment 12 near the edge of the dipole antenna to provide 
a transition between the balanced lines 8 and 9 to a 
waveguide supplying the signals to be radiated by the 
dipole means 4. The waveguide transition element 12 
consists of two parts connecting each of the lines 8 and 

9 to a waveguide. Each of the two parts of the 
waveguide transition element 1 2 comprises a plurality of 
teeth elements arranged perpendicular to the direction 



of the lines 8, 9 on the front face 2 and the back face 3, 
respectively. It is to be noted, that future commercial 
communication systems in microwave and millimeter 
wave ranges will be based on planar technology, so that 
other kinds of transition elements will be needed. The 
waveguide transition element 12 is important for the 
shown example due to the lack of a planar front end. 

In figure 1, the first line 8 and the second line 9 
respectively printed on the front face 2 and the back 
face 3 each split into two branches by means of a T- 
junction 15 located approximately in the middle of the 
antenna. From the first T-junction 15 located approxi- 
mately in the middle of the antenna, succeeding T-junc- 
tions 15 being respectively rectangular to each other 
split the first line 8 and the second line 9 into a respec- 
tive plurality of first line portions 13 and second line por- 
tions 14. Each line portion 13 is connecting two 
adjacent T-junctions 1 5 and each second line portion 1 4 
is also connecting two adjacent T-junctions 15. 

As can be seen from figure 1, the structure of the 
first and second line portions 13, 14 and the succeeding 
T-junctions 15 is symmetrical for the two branches. Fur- 
ther on, respective adjacent first and second line por- 
tions 13 and 14 are rectangular to each other. After the 
last T-junctions 15, respective end portions of the first 
line 8 and the second line 9 lead into dipole means 4. 
Each dipole means 4 comprises a first and a second 
element 5, 6 for radiating and receiving electromagnetic 
signals transmitted by the first tine 8 and the second line 
9. The first elements 5 are printed onto the front face 2 
of the dielectric substrate 1 and the second elements 6 
are printed onto the back face 3 of the dielectric sub- 
strate 1 . The first and the second elements 5, 6 respec- 
tively extend generally perpendicular to the rust or 
second line portion 13, 14 they are connected with. Fur- 
ther on, the first elements 5 are pointing in a first direc- 
tion and the second elements 6 are pointing in a second 
direction which is opposite to that first direction, as can 
be seen from figure 1. The preferred shape of the first 
and the second elements 5 and 6 is a pentagonal 
shape. As can be further seen in figure 1, the first line 
portions 13 and the second line portions 14 between 
adjacent T-junctions 15 are tapered to provide an 
impedance transformation in the succeeding T-junction 
located in direction to the dipole means 4. The first and 
second line portions 13, 14 are tapered, so that the 
width of each line portion 13, 14 increases towards that 
first and second elements. 

In figure 2, the schematic perspective view of a por- 
tion of the antenna shown in figure 1 having two dipoles 
is shown. The antenna comprises a substrate 1 having 
a front face 2 and a back face 3. The first elements 5 are 
printed on the front face 2 and the second elements 6 
are printed on the back face 3. Also, the first lines 8 are 
printed on the front face 2 and the second lines 9 are 
printed on the back face 3. In figure 2, only two dipole 
means 4 are shown, which are fed by first and second 
lines 8, 9. The T-junction 15 between the two shown 
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dipole means 4 is fed by a first line portion 13 on the 
front face 2 and a second line portion 14 on the back 
face 3. The first and the second line portion 13, 14 are 
tapered with an increasing width towards the dipole 
means 4. The tapering provides an impedance transi- 5 
tion from 100 Cl at the narrow part of the first and the 
second line portion 13, 14 to 50 a at the large part of 
the first and the second line portion 13, 14. At the T- 
junction the first and second line portion 13, 14 are split 
into the not-tapered end portions of the first and the sec- 
ond line 8, 9 leading to the dipole means 4. The low loss 
material 1 1 between the dielectric substrate 1 and the 
reflector means 10 is chosen to have minimum losses 
and a dielectric constant less than 1.2. In the shown 
example, the low loss material 1 1 is a supporting struc- 
ture supporting said reflector means 10 and said dielec- 
tric substrate on its back face 3. In other embodiments, 
the loss material 11 can be air, so that a free space 
exists between the dielectric substrate 1 and the reflec- 
tor means 10. Advantageously, the low loss material is 
a polyurethane foam. However, the low loss material 
can be any other material with a dielectric constant less 
than 1.2. By a variation of the low loss material 11 the 
thickness of the dipole antenna can be influenced. In 
figure 2, dashed lines are used to show the second ele- 
ment 6 and the second line 9 being printed on the back 
face 3 of the dielectric substrate 1 . 

In figure 3 a cross section of the antenna according 
to the present invention is shown. A first element 5 is 
printed on the front lace 2 of the dielectric substrate 1, 
and the second element 6 is printed on the back face 3 
of the dielectric substrate 1. The dielectric substrate 
with the second elements 6 and the second lines 9 
printed thereon is supported by a low loss material 11 
building a supporting structure. On the face of the low 
loss material 11 opposite to the back face 3 of the die- 
lectric substrate 1 , a reflector means 10 is located. The 
reflector means shown is a reflector plate parallel to 
said back face. 

The distance d between the upper face of the 
reflector means 10 and the middle of the dielectric sub- 
strate 1 is about one fourth of the electrical wave length 
X of the central frequency (middle of the working band) 
within the low loss material dealing as a support struc- 
ture between the dielectric layer 1 and the reflector 
means 10. Advantageously, the distance d is 
X/(4 x sqrt (e r )) ± 10% , wherein e r is the dielectric con- 
stant of the low loss material. A slight change of the dis- 
tance d can cause special effects in the radiation 
pattern of the dipole antenna, which are sometimes 
wanted. Further on, the antenna of the shown embodi- 
ment has a planar shape, whereby other shapes of the 
antenna according to the present invention might be 
used. 

In figure 4, a cross section of the dielectric sub- 
strate 1 with the first line 8 and the second line 9 printed 
on the front face 2 and the back face 3, respectively, is 
shown. As can be seen from figure 4, the first line 8 and 



the second line 9 are balanced and arranged parallel 
and opposite to each other on the front and the back 
face 2, 3, respectively. The width and the shape of the 
first line 8 and the second line 9 are the same. It is to be 
noted, that the whole feeding network in form of the 
metal strip means 7 is realized by balanced metal strip 
lines being parallel and opposite to each other. The 
symmetry axis of the first line 8 and the second line 9 
lies within the middle plane of the dielectric substrate 1. 
The T-junctions 15 are provided to distribute the signals 
to and from the plurality of dipole means 4. The T-junc- 
tions 15 of the first line 8 and the second line 9 are also 
balanced T-junctions and respectively arranged parallel 
and opposite to each other on said front and back face 
2, 3, respectively. Further on, the T-junctions can be pro- 
vided with a triangular gap in order to compensate the 
influence of the junction discontinuity, as can be seen 
e.g. in the T-junction 15 shown in figure 2. 

In order to integrate the antenna according to the 
present invention with a necessary front-end, a trans- 
mission line transition between the balanced metal strip 
lines according to the present invention to the transmis- 
sion line technology of the front-end is necessary. If 
waveguide technology is used in the front-end. a 
waveguide transition element 12 shown in figure 1 can 
be used. If the front-end utilizes a microstrip technology, 
a microstrip to balanced microstrip transition should be 
used. If the front-end utilizes a coplanar waveguide 
technology, a coplanar waveguide to a balanced micro- 
strip transition has to be used. If the front-end utilizes 
coaxial lines, a coaxial connector to balanced microstrip 
transition has to be used. 

Due to the ultra-wide-band operability of the 
antenna according to the present invention and com- 
mercially available dielectric substrate thicknesses a 
whole frequency coverage up to 1 40 GHz and more can 
be obtained without need to change the structure of the 
antenna according to the present invention. Simple up- 
scaling and down-scaling the antenna of the present 
invention allows the application for higher and lower fre- 
quency ranges without the recalculation of the dipole 
antenna structure. 

In figure 5, a first line portion 13 is shown to explain 
the tapered shape of the line portions between two 
adjacent T-junctions 15. The small end 16 of the shown 
line portion is connected to a T-junction 15 in direction to 
a transition element, e.g. the waveguide transition ele- 
ment 12 shown in figure 1 , whereas the long side 17 is 
connected to a T-junction 15 in direction to the dipole 
means 4, The width of the side portion increases from 
the small end 16 to the large end 17 to provide an 
impedance transformation from 100 n to 2 x 50 n in the 
T-junction connected with the long end 17. To provide 
the impedance transformation from 100 Ci to 50 O, the 
width of the line portion gradually increases to provide 
an impedance transformation of a ratio 1:2 in the suc- 
ceeding T-junction 15. The tapering of the balanced line 
portions 13 and 14 is actually smooth, whereby the 
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width of the lines on the front face 2 and the back face 3 
of the dielectric substrate 1 is changed simultaneously. 
A change of the width of the line portions changes the 
impedance of the transmission lines. The above state- 
ments are equally true for the second line portions 14. 5 

The side portions 1 8 and 1 9 of the line portions can 
change with a linear function, as in the example shown 
in figure 5. In other embodiments, the side portions 18 
and 19 can change with an exponential function or a 
polynomial function including a "Chebisshev Polinom". 
The choice of the respective tapering function depends 
on the respective working frequency and is made to 
have a minimal reflectivity in the line portions. The 
tapering of the line portions is advantageous over the 
known quarter-wave transformers because of the high 
frequency selectivity and high tolerance dependency of 
the quarter-wave transformer. Further on, the balanced 
metal strip structure is advantageous over known micro- 
strip structures, since transitions to other printed struc- 
tures over waveguides, e.g. in a front-end, can be 
obtained much easier. Also, using a dielectric substrate 
1 with a constant thickness, the higher order modes 
propagation, which is a very undesired effect, appear in 
known unbalanced microstrip lines at lower frequencies 
than in the balanced metal strip lines according to the 
present invention. 

In figure 6, four different shapes for the first ele- 
ments 5 and the second elements 6 of the dipole means 
4 are shown. All the shown shapes are showing very 
good matching and radiating performances within more 
than 50 % band around the central frequency as well as 
applicability for microwave and mm-wave range due to 
the not so critical tolerances. However, the pentagonal 
shape shown in figure 6 a shows the best performances 
and is the preferred shape for the antenna according to 
the present invention. Preferably, the first and second 
elements 5, 6 have a structure comprising at least three 
corners and one of the corners is the contact area 
between the respective line portion 1 3 or 1 4 and the ele- 
ment 5 or 6. 

In figure 6 b, the element 5 or 6 has four corners 
with two long sides adjacent to the corner building the 
contact area and two short sides opposite to said two 
long sides. In figure 6 b, the element 5 or 6 has three 
corners. In figure 6 d, the element 5 or 6 has eight cor- 
ners having two long opposite sides, respectively two 
middle sides adjacent to said long sides, and two short 
sides opposite to each other and rectangular to said 
long sides. One of the two short sides is the contact 
area to the respective line portion, as can be seen in fig- 
ure 6 d. 

Advantageously, the length I of said first and sec- 
ond elements 5, 6 is respectively smaller than 0.5 X, the 
mean width w is smaller than 0.35 X and the width c of 
a contact area between said respective element and 
said first or second line 8, 9 coupled to said respective 
element is smaller than 0.1 X t wherein X is a free space 
wavelength of the centered frequency band of interest. 



The mean width w is defined as the width of the respec- 
tive element 5, 6 at the half of the length I, as can be 
seen in figure 6. In figures 6 a, 6 b and 6 c the contact 
area width c is zero, since one of the corners of the 
respective elements 5, 6 is the contact area, whereas in 
figure 6 d, the contact area width c is the length of one 
of the short sides of the element 23. Further on, the 
angle a between the respective line 8, 9 and the sides 
of the element adjacent to said contact area is prefera- 
bly larger than 10°. Elements 5, 6 with shapes as shown 
in figure 6 and having the above defined characteristics 
are elements 5, 6 which can successfully work in fre- 
quency bands of at least 30 %, typically 40 - 50 %, 
related to the center frequency, having a VSWR less 
than 2. It is to be noted, that such elements 5, 6 can 
cover with a VSWR less than 2,5 even more than one 
octave. 

A phase array antenna according to the present 
invention designed to work at a center frequency of 60 
GHz preferably has 64 dipole means, a dielectric sub- 
strate with a thickness of 0. 1 27 mm and a dielectric con- 
stant of 2.22 (Teflon-fiber-glass), a metallization 
thickness for the printed lines and elements of 17pm, a 
low loss material of polyurethane with a dielectric con- 
stant of 1.03 as a support material and a planar to 
waveguide (WR-15) transition to a RF front-end. The 
dimensions of such an antenna are preferably as given 
in figures 7 and 8. For the frequency range of 94 GHz a 
thinner substrate is recommended. The final trimming of 
the antenna dimensions particularly for higher frequen- 
cies should be done by a full wave electromagnetic sim- 
ulator, if not direct scaling is applied, ft is possible, by 
changing of the in-face feeding network to obtain a 
reduction of the side lobes at specified frequencies 
using the same structure for the antenna according to 
the present invention. The number of used dipole ele- 
ments can be increased and decreased. One solution 
could be to use the power of 4 for decreasing and 
increasing the number of elements (such as 4, 16, 64, 
256). With 256 elements at 60 GHz the feasible gain 
value is estimated about 18 dB. A larger number of ele- 
ments will increase the directivity but not necessarily the 
gain, because of losses in the longer transmission lines 
and will lead to a larger surface, which could be imprac- 
tical. 

Figure 7 shows a top view of some of the multiple 
elements 5, 6 projected into one common plane having 
preferred dimensions. All the preferred dimensions 
given in figure 7 are in millimeters. As has been stated 
above and is shown in figure 7, the preferred shape of 
the elements 5, 6 is a pentagonal shape having 5 cor- 
ners. One of the corners respectively is the contact area 
between the pentagonal elements 5, 6 and the first and 
second lines 8, 9. The first elements 5 point in a first 
direction and the second elements 6 point in a second 
direction opposite to said first direction. The first and the 
second direction are perpendicular to the length direc- 
tion of the lines 8, 9. The inner side of the pentagonal 
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elements 5, 6 adjacent to the corner building the contact 
area has a length of 0.6338 mm and the outer side of 
the elements has a length of 0.9 mm. The end side of 
the pentagonal elements 5, 6 opposite to the corner 
building the contact area has a length of 0.4595 mm, 
whereas the two sides between the end side and the 
sides adjacent to said contact area have a length of 
0.8194 mm. The width of the first and second lines 
between the last T-junction 15 and the first and second 
elements 5, 6 have a constant width of 0.19 mm and a 
length of 1.884 mm from said T-junction 15 to the con- 
tact area. The width of the T-junctions 15 is 0.485 mm, 
which is also the width of the first and second line por- 
tions 13, 14 at the T-junctions 15 in direction to the ele- 
ments 5, 6. The distance between the first and second 
lines 8, 9 contacting the elements 5, 6 and the parallel 
first and second line portions 13, 14 is 1 .8574 mm. The 
distance between the middle axis of adjacent elements 
5, 6 being coupled to the same T-junction 15 is 4.39 
mm. The inner angle of the corner of the pentagonal 
elements 5, 6 building the contact area is less than 70°, 
the inner angle of the two corners adjacent to the corner 
building the contact area is approximately 120° and the 
two angles opposite to the angle building the contact 
area is approximately 110°. The distance between two 
first or second elements 5, 6 respectively, being adja- 
cent in the length direction of the elements and coupled 
over three T-junctions 15 is 4.39 mm, measured 
between two respective corners having inner angles of 
approximately 120°. Therefore, respective elements 5, 
6 are equidistant from one another. 

In figure 8, a top view of a waveguide transition ele- 
ment 12 is shown with preferred dimensions. The 
waveguide transition element 12 provides a transition 
between the balanced metal strips 5, 6 to a waveguide, 
e.g. WR-15. The waveguide transition element 12 pro- 
vides a plurality of teeth-like elements 20, 21 for each of 
the metal strip lines 8, 9, the teeth-like elements 20, 21 
pointing in respective directions perpendicular to said 
metal strip lines 8, 9. The teeth-like elements 20 allo- 
cated to the first metal strip line point in a first direction 
and the teeth-like elements 21 allocated to the second 
metal strip line 9 point in a second direction opposite to 
said first direction. The length of the teeth-like elements 
is 0.93 mm and their width is 0.234 mm. The overall 
length of the waveguide transition element 12 from the 
first side 22 coupled to the metal strip lines 8, 9 and the 
second side 23 coupled to the waveguide is 5.1 8 mm. It 
is to be noted, that all of the preferred dimensions given 
in the figures 7 and 8 are adopted to an antenna work- 
ing at a center frequency of 60 GHz, whereby the major 
of the dimensions are up- and down-scaleable taking 
into account the center frequency of 60 GHz. 

In figure 9, the input reflection coefficient of the 
antenna (S1 1 in dB) over a frequency band from 50.0 to 
65.0 GHz is presented for an antenna according to the 
present invention. As can be seen in figure 9, the 
antenna according to the present invention shows 



excellent values despite a frequency selective 
waveguide transition from the front end to the balanced 
metal strip lines of the feeder of the antenna according 
to the present invention. The input reflection coefficient 

5 of the antenna according to the present invention does 
not exceed -13 dB in the range of the measurement, or 
leads to a VSWR maximum value of 1.58. As can be 
seen in figure 9, in a range between 50.0 and 65 GHz 
similar values of S1 1 have been found, meaning at least 

w 30% working range. Measurements in larger bands 
were not possible due to the limited frequency band of 
the used waveguide (WR-15.50 - 70 GHz). 

In figure 10, a measured antenna diagram at 60 
GHz for the main horizontal plane for an antenna 

75 according to the present invention is shown. The dia- 
gram shown in figure 10 shows the gain of the antenna 
according to the present invention in dB over the radia- 
tion angle <p between - 45° and + 45°. The measurement 
was performed in comparison to a well-known horn- 

20 antenna. The light non-symmetrical behavior of the 
shown diagram is up to non-perfect measurement 
equipment. The measured antenna gain is 23.5 dB vs. 
about 26.5 dB estimated (simulation) directivity, leading 
to overall losses of about 3 to 3.5 dB including losses 

25 due to the waveguide to balanced metal strip transition, 
which is a very good value. There is almost no change 
of the antenna diagram over the whole measured fre- 
quency range of 50 - 65 GHz. The maximum gain ripple 
in the measured range does not exceed 1 dB, which 

so shows the excellent performance of the dipole antenna 
according to the present invention. 

The antenna array is fed in phase, so that side 
lobes of - 13 dB to the main lobe should appear. In all of 
the measured cases (50 - 65 GHz), the side lobes did 

35 not exceed - 10 to - 1 1 dB of the carrier strength. If a 
"different phase" feeding is applied, the side lobes can 
be influenced directly. This is achieved by changing the 
length of the feeding lines approaching the printed 
dipoles from outside of the printed patch to the phase 

40 center (middle of the antenna) with predefined mathe- 
matical functions. 

In order to show the outstanding capability of the 
antenna according to the present invention an input 
reflection diagram of a simple radiation element (micro- 

45 strip patch) is compared to the proposed high-gain solu- 
tion according to the present invention. The input 
reflection coefficient (S11 in dB) of a microstrip patch 
antenna designed to 61.5 GHz is shown in figure 11. 
The measured microstrip patch antenna is a low-cost 

so antenna with a very high tolerance sensitivity showing 
large problems with the feeding of signals, if high gain 
application with a plurality of elements at very high fre- 
quencies are applied. 

In figure 12, the input reflection coefficient (S11 in 

55 dB) of a known monopole antenna designed to 61.5 
GHz was measured without a radome. The measured 
monopole antenna showed a very high tolerance sensi- 
tivity, only a smalt gain and no high gain features. Also, 
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the reproducibility and the shadowing in the elevation 
angle of 90° of the measured monopole antenna was 
very critical. 

In figure 13, one measured and two simulated 
curves for the input reflection coefficient (S1 1 in dB) of a s 
dielectric lens antenna in the frequency range of 57.0 to 
65.0 GHz are shown. The two smooth curves are the 
simulated curves whereas the third curve showing a 
sharp drop at 58.7 GHz is the measured dielectric lens 
antenna. The measured dielectric lens antenna 10 
required at the moment waveguide feeders, which are 
large (diameter 8 cm) for 60 GHz and are quite expen- 
sive featuring more or less only low gain remote station 
(base station) applicability in the 60 GHz range. 

As can be seen from the shown diagrams, the is 
antenna according to the present invention has an 
excellent performance even at very high frequencies. 
The antenna of the present invention can be produced 
as a low-cost low gain antenna as well as a high gain 
antenna for all kinds of purposes in the microwave and 20 
in the millimeter wave range. The antenna according to 
the present invention can be successfully used for 
microwave and millimeter wave wireless LANs and pri- 
vate short data links, as well as for automotive radar 
applications, where low-cost planar solutions are 2s 
required. Moreover, this antenna can cover a whole 
band planned for millimeter wave wireless LANs 59 - 64 
GHz, and the two bands planned for anti-collision (auto- 
motive, car) radars in Europe and the USA (76 GHz) 
and Japan (61 GHz), simultaneously. 30 

Claims 

1 . A phase array antenna, comprising 

35 

a dielectric substrate (1) comprising a front and 
a back dielectric face (2, 3), 
a plurality of dipole means (4), each comprising 
a first and a second element (5, 6) for radiating 
and receiving electromagnetic signals, said 40 
first elements (5) being printed on said front 
face and pointing in a first direction and said 
second elements (6) being printed on said back 
face (3) and pointing in a second direction 
opposite to said first direction, 45 
metal strip means (7) for supplying signals to 
and from said dipole means (4), said metal 
strip means (7) comprising a first line (8) 
printed on said front lace (2) and coupled to 
said first element (5) and a second line (9) so 
printed on said back face (3) and coupled to 
said second element (6), and 
reflector means (10) spaced to and parallel 
with said back face (3) of said dielectric sub- 
strate (1), a low loss material (1 1) being located ss 
between said reflector means (10) and said 
back face (3) and having a dielectric constant 
less than 1.2, 



whereby said first and second lines (8, 9) 
respectively comprise a plurality of first and 
second line portions (1 3, 1 4), said first and sec- 
. ond line portions (13, 14) respectively being 
connected to each other by T-junctions (15), 
whereby each of said first and second line por- 
tions (13, 14) is tapered between two adjacent 
T-junctions (15), so that the width of each line 
portion (13, 14) increases towards said first 
and second elements (5, 6), respectively, to 
provide an impedance transformation in the 
succeeding T-junction (15). 

2. A phase array antenna according to claim 1 , 
characterized in, 

that the width of each of the line portions (13, 14) 
gradually increases to provide an impedance trans- 
formation of a ratio one to two in the succeeding T- 
junction(15). 

3. A phase array antenna according to claim 1 or 2, 
characterized in, 

that said line portions (13, 14) are tapered corre- 
sponding a linear, exponential or polynomial func- 
tion. 

4. A phase array antenna according to claim 1 , 2 or 3, 
characterized In 

that said low loss material (11) is a supporting 
structure supporting said reflector means (10) and 
said back dielectric face (3). 

5. A phase array antenna according to one of the pre- 
ceding claims, 

characterized in 

that said first and said second lines (8, 9) and said 
T-junctions (15) are balanced and arranged parallel 
and opposite to each other on said front and back 
dielectric face (2, 3), respectively. 

6. A phase array antenna according to one of the pre- 
ceding claims, 

characterized in, 

that the length (I) of said first and second elements 
(5, 6) is respectively smaller than 0,5 X the mean 
width (w) of the respective element is smaller than 
0,35 X and the width (c) of a contact area between 
said respective element and said first or second line 
(8, 9) coupled to said respective element is smaller 
than 0,1 X, whereby X is the free space wavelength 
of the center frequency of the band of interest, the 
angle between the respective line (8,9) and each of 
the adjacent sides of the respective element (5,6) 
being larger than 10 degrees. 

7. A phase array antenna according to claim 6, 
characterized in, 

that said first and second elements (5, 6) have a 
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structure comprising at least three corners and that 
said contact area is one of said corners. 

8. A phase array antenna according to claim 6 or 7, 



that said first and second elements (5, 6) have a 
pentagonal shape. 

9. A phase array antenna according to one of the pre- 



characterized ln f 

that the distance (d) of the reflector means (10) to 
the middle of said dielectric substrate means (1) is 
approximately one fourth of the electrical wave- 
length of the working band frequency within said is 
low loss material (11). 

10. A phase array antenna according to one of the pre- 
ceding claims, 

characterized by . 20 

a transition element (12) coupled to said first and 
second lines (8,9) to provide a transition between 
said first and second lines (8,9) and a waveguide 
for guiding signals to and from the antenna, said 
transition element (12) comprising first teeth ele- 25 
ments (22) coupled to said first line (8) and second 
teeth elements (22) coupled to said second line (9), 
said first teeth elements pointing in a first direction 
and said second teeth elements pointing in a sec- 
ond direction opposite to said first direction, said so 
first and said second direction being perpendicular 
to said first and second lines (8,9). 



characterized in, 
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Fig. 2 
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Fig. 3 
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